Using the sequence information on a class of rec^-like genes, which have been isolated from meiosisspecific cDNA libraries of Lilium and budding yeast and identified in various plant cells, a new gene was screened from a mouse testis cDNA library. The putative product of the gene, termed MmLiml5, was 37.8 kDa consisting of 340 amino acid residues. The predicted amino acid sequence showed 72-78% similarity to those of Liml5 from Lilium and other meiosis-specific RecA-like proteins. Similarity was also found to another class of rec^4-like proteins, Rad51 and its homologues, which have been detected in both budding and fission yeasts and various animal cells, but to a lesser extent and the similarity patterns were somewhat different from those for Liml5 type proteins, revealing that the two classes of rec^4-like genes are phylogenetically separate. Reverse transcription-PCR using poly(A) + RNAs from various tissues as templates indicated that transcription of MmLiml5 occurred specifically in the testis, suggesting that the MmLiml5 product participates in meiotic recombination.
As one of the approaches to understanding the genetic recombination systems in higher eukaryotes, recyl-like genes have been searched for by PCR amplification of their sequences utilizing conserved nucleotide sequences among the genes or their products, followed by isolation of the cDNA and genomic clones by hybridization using the PCR products as probes. Following this procedure, a group of genes homologous to RAD51, a recj4-like gene in Saccharomyces cerevisiae, l~3 have been isolated from various vertebrates such as the mouse (MmRad51), 4 human (HsRAD51), 4 ' 5 and chicken (ChRAD51). 6 Another recA-like gene known in higher eukaryotes is LIM15, which has been isolated as a meiosis-specific cDNA clone from microsporocytes in a monocotyledonous plant Lilium longiflorum. 7 LIM15 is a homologue of DMC1, 8 which has been isolated from S. cerevisiae as a meiosisspecific homologue of recA? DMC1 was shown to be involved in meiotic recombination, 9 and in the progression of meiosis. 8 ' 9 To date, LIM15 homologues have been identified only in the genomes of plants such as Arabidopsis thaliana, 10 rice, corn and wheat (unpublished data).
Here, we describe identification of a mouse gene which is homologous with LIM15. Primary structure analysis of the corresponding cDNA as well as phylogenetic analysis Communicated by Mituru Takanami * To whom correspondence should be addressed. Tel. +81-438-52-3933, Fax. +81-438-52-3934 of the putative gene product have been carried out. The tissue specificity of transcription has also been examined by reverse transcription (RT)-PCR 11 .
Isolation and Structural Analysis of a cDNA Clone Homologous with Meiosis-Specific recA-like Genes
To search for meiosis-specific recA-like genes, RT-PCR 11 was performed using poly(A) + RNA purified from the testis of 8-week-old random-bred Swiss albino male mouse as a template. The first strand of the cDNA was synthesized with a (T)isN primer and poly(A) + RNA. For amplification, the following set of primers was designed on the basis of the amino acid sequences conserved among the putative products of LIM15, 7 DMCl 8 ' 9 and SpDMCl, isolated as a DMCl homologue in Schizosaccharomyces pombe (unpublished data).
A 550-bp fragment produced was used as a probe for screening of a mouse testis cDNA library (Stratagene, La Jolla, CA, USA) by hybridization, and one clone terminus of the cDNA, and the first methionine downstream of the in-frame termination codon indicated by underlining is numbered + 1, respectively. DNA sequence was determined according to the chain termination method. 14 The accession number of the nucleotide sequences in the GSDB, DDBJ, EMBL and NCBI databases is D58419.
which showed a positive signal was obtained from approximately 3.6xlO 5 plaques tested. The mouse gene represented by the above cDNA clone was termed MmLiml5. Figure 1 shows the nucleotide sequence of the MmLiml5cDNA. The cDNA is 1339 bp long and has a closed open reading frame (ORF) of 1020 bp coding for a 37.8-kDa polypeptide. The putative product of MmLiml5 showed a high degree of sequence similarity to those of the Liml5 type genes previously reported, i.e., LIM15: 78.5%, ArLIM15: 78.2%, and DMC1: 72.1%, as shown in Fig. 3 . Similarity was also found, to the lesser extent, to RAD51 type genes, i.e., RAD51: 71.3%, SpRAD51, a RAD51 homologue in S. pombe: 12 72.1%, and MmRad51: 69.8%. The two nucleotide binding motifs (motifs A and B in Fig. 3 ) have apparently been conserved among these 15 ana RAD51, according to the unweighted pair group method. 6 The branch lengths represent evolutionary distances and the gray thick horizontal bars at branch points show the standard errors.
genes.
LIM15 and RAD51 have been interpreted to belong to different phylogenetic groups. 4 ' 10 The result of phylogenetic analysis of the sequences by computer clearly showed that all the reported recA-like genes in eukaryotes are classified into either one of the above groups as shown in Fig. 2 , and the MmLiml5 gene product was separated from MmRad51 early on a evolutionary scale (Fig. 2) .
Transcription of the Mouse recA-like Gene
It has been shown that LIM15 and DMC1 homologues are transcribed exclusively in meiotic cells, 7~9 while transcription of RAD51 homologues is observed in such tissues as spleen, thymus, testis and ovary 4 where a high level of genetic recombination is expected. To examine the tissue specificity of transcription of MmLiml5, RT-PCR was carried out using poly(A) + RNAs from mouse brain, heart, lung, liver, kidney, spleen, and testis as templates and the specific primers indicated in Fig. 1 . A discreet band of the expected length was observed only in testis but not in any other tissues (Fig. 4) , indicating that MmLiml5 is transcribed specifically in meiotic cells.
In this study, a new recvl-like gene, MmLiml5, was identified in mouse testis, and based on the characteristics of the primary structure and specificity of transcription, it was concluded that MmLiml 5 belonged to a class of meiosis-specific recyl-like genes such as LIM15 and DMCl. Since the LIM15 gene product has been preferen- detected by RT-PCR in brain, heart, lung, liver, kidney, spleen, and testis. Poly(A)+ RNA was isolated from tissues of 8-week-old random-bred Swiss albino male mice according to standard procedures. RT-PCR was performed as detailed earlier. 7 Total RNA (5 /ig) was reverse-transcribed using oligo(dT) as a primer. A portion of the MmLiml5 transcript was amplified by two rounds of PCR with primers fpO3 (5' ACATTGCTGACCGCTTCAAC 3') and rpO2 (5' ATCCTCAGTTCTCCTCTTCC 3')-As a positive control, a portion of the transcript of /3-actin was amplified using a /3-actin primer set (Stratagene, USA). The DNA size marker is a 100 bp DNA ladder (BRL. USA). [Vol. 2, tially located on the chromosomes of meiotic prophase, 13 and DMCl is involved in meiotic recombination 9 as well as in the progression of meiosis, 8 ' 9 it is likely that the gene product of MmLiml5 participates in the meiotic recombination process during mouse spermatogenesis.
